The aim of the study is to explore the possibility of the use of Meteor Burst Communications (MBCs) in equatorial regions. We installed the master and the remote stations at Yogyakarta, Java Island and Jimbaran, Bali Island, Indonesia, respectively. As a preliminary experimental result, we confirmed that some packet transmissions between the two stations were achieved through meteor burst channels.
Introduction
When meteors enter into the Earth's atmosphere, ionized gas columns, which are called "meteor bursts," are generated by friction with the atmosphere. Meteor Burst Communications (MBCs) are non Line-of-Sight communication methods using reflection phenomena of low VHF band waves by the meteor bursts [1, 2, 3, 4, 5, 6, 7] . MBC systems can realize data transmission between stations apart from each other by at most 2000 km. Moreover, MBC systems can be easily and inexpensively constructed compared with satellite communications, etc.
Since the existence time of the meteor bursts is as short as about several hundreds milliseconds, MBCs are suitable for communications which need small data transmission and allow some delay. For this reason, MBC systems are applicable for data transmission for environmental and meteorological observation systems which allow some delay and do not require massive data transmissions.
A famous application of MBCs is SNOTEL operated by Natural Resources Conservation Service (NRCS), United States Department of Agriculture [3] . SNOTEL is a snow telemetry system and collects weather data from the Rocky Mountains and Alaska. About 800 remote stations of SNOTEL are located where access is often difficult or restricted. Several master stations collect the data from the remote stations and transmit them to the central computer of NRCS.
Some MBC experiments and operations have been also done in high-latitude regions [5, 6, 7] . The experiments exhibit some interesting results from various points of view such as within-day variation and seasonal variation. From the experiments in Antarctica, some unique results have been obtained, which are different from the results in mid-latitude regions.
However, to the best of our knowledge, there have been no MBC experiments and operations in equatorial regions. Some astronomical observation results in equatorial regions showed that the appearance of meteors has some difference with that in mid-latitude regions, e.g., there are smaller variations in the height of meteor bursts, smaller seasonal fluctuations, etc [8, 9] . Therefore, we expect to obtain unique properties about MBC in equatorial regions.
In this study, we try to conduct MBC experiments to obtain communication performance of MBCs and to explore the possibility of MBCs in equatorial regions. In May 2017, we have conducted a preliminary experiment about MBCs in Indonesia. In this article, we provide the result of the MBC experiment and show the possibility of using MBCs in equatorial regions. Island, Indonesia (S8°22B9BB, E115°8B18BB), time zone: +8. The stations are located in approximately an east-west direction and the distance between them is about 530 km. We carried out the experiment from May 9 to May 11, 2017 including installation of the stations. The effective period of the experiment was about 26 hours, which was from May 10, 2017, 6:00 am UTC to May 11, 2017, 8:00 am UTC.
Equipment
The antennas of both the master and remote stations are Yagi antennas with 3 elements. The elevation angle of the antennas is set at 18°. The direction angle of the master and remote antennas are 97°and 276°clockwise from the North. Both stations used the same type of MBC modems: MRC565, Maiden Rock Communications, LLC. The specifications of the modems are: the carrier frequency is 48.375 MHz, the transmission rate is 4000 bps, the modulation scheme is DEPSK and the transmission power is set at 100 W. The remote station periodically makes 20-byte test data every five minutes for sending to the master station.
3 Data transmission procedure Fig. 1 illustrates the packet transmission procedure. In this figure, M ! R means packets from the master station to the remote station and R ! M means packets in vice versa. The principal of the packet transmission procedure is explained as follows:
• The master station periodically sends Probe Packets (PPs) to the remote station. • When the remote station successfully receives a PP, the remote station transmits a Data Packet (DP) to the master station. • If the master station successfully receives the DP, the master station sends an Acknowledgment Packet (AP) to the remote station. • If the remote station receives the AP, the remote station removes the data which has been transmitted to the master station from the buffer in the remote station. As shown in this figure, the time required for the successful packet transmission is about 250 ms.
We note that the shorter the period of transmission of PPs is, the better performance the master station yields. However, we set the duration of PPs to 500 ms to prevent a heat problem with the modem. Fig. 2 shows the observed noise power at both of the stations during the experiment period. Since acceptable noise power for the MBC system is −115 dBm or less, we observed that most of the the experiment period was appropriate for the MBC experiment. However, at the master station, the noise power level was slightly higher than the acceptable noise level in the beginning of the experiment period. Fig. 3 shows the number of received packets. By the transmission procedure, the received PPs and APs were counted at the remote station and the received DP was counted at the master station.
Experimental result
From this figure, we observe that, during most of the experiment period, PPs were received by the remote station even when the number of them was not so large. The result means that the reflection of PPs by meteor bursts occurred during most of the period.
We also observe that many data transmissions were achieved in the period from May 10, 8:00 pm to May 11, 4:00 am UTC. In order to clearly identify a reason of the phenomena, we would need further experiments to collect more data. For now we suppose the following possibilities.
One possible reason is that the number of meteors increased during the period. The period-of-interest was during the morning in Indonesia. Some past studies in mid-latitude regions showed that many meteor burst channels were established in the morning, especially, around the time near sunrise. Another possible reason is related to the noise level. From Fig. 2 , we find that the noise power level of the period-of-interest was lower than other periods. We also need to take other possible reasons, e.g., sporadic E propagation, into account.
The total numbers of received PPs, DPs and APs were 390, 79 and 51, respectively. Since the transmission interval of PPs was set to 500 ms, the number of probe packets was about 7200 per hour. Therefore, the PP reception rate was about 0.208% (¼ 390=ð7200 Â 26Þ).
Since the number of accepted PPs at the remote station should be the same as the number of data packets, 390 data packets have been transmitted from the remote station. Therefore, the acceptance ratio of the DPs at the master station was 20.3% (¼ 79=390). From the viewpoint of the remote station, out of 79 DPs, the remote station recognized that 51 data packets have been accepted by the master station. Thus the successful data transmission rate for the remote station was 64.6% (¼ 51=79).
In this article, we provided an overview of our preliminary MBC experiment in Indonesia and showed the possibility of applying MBC in the equatorial region. Since we expect to observe unique properties and/or communication performance of MBCs in equatorial regions, we will continue MBC experiments to obtain additional results.
